A total of 99 recombinant inbred lines (RILs) generated from a cross between Oriental 'Azumamugi' and Occidental type 'Kanto Nakate Gold' of barley Hordeum vulgare L. cultivars were grown over a period of two years to identify quantitative trait loci (QTLs) controlling agronomic traits such as days to heading, spike characters (length, internode length, awn length and triplet number) and culm internode length. The RILs showed a wide range of variations for all the agronomic traits tested. Composite interval mapping (CIM) enabled to identify a new QTL with a major effect on rachis internode length on chromosome 2HL (qSIL.ak-2H) which was closely linked to the cleistogamy genes and Fusarium head blight resistance QTL. A new QTL for culm length was detected on chromosome 7HL (qCUL.ak-7H), which controlled the elongation, particularly that of the lower culm internodes. The dense spike 1 (dsp1) locus was precisely mapped on a molecular linkage map of chromosome 7HS. The dsp1 locus controlled only the lower culm internode length, while the uzu1 locus controlled the whole culm length. The positions of the QTLs detected in the present study were compared with those of previously reported genes.
Introduction
Agronomically important traits are generally quantitatively inherited with continuous variation. The mode of inheritance of these characters is complex and governed by several genes, which sometimes interact with environmental components. Therefore, their individual effects cannot be detected as Mendelian factors (Stansfield 1991 , Kjaer et al. 1995 . Construction of molecular linkage maps for barley (Graner et al. 1991 , Heun et al. 1991 had enabled to map quantitative trait loci (QTLs) in this crop. Although agronomic QTLs in different barley populations have been identified, typical Oriental cultivars had not been examined in these studies. Oriental and Occidental cultivars are genetically divergent and they harbor genes characteristic of each region: two-rowed spike (Vrs1) and brittle rachis (btr1) in occidental cultivars, and brittle rachis (btr2), short awn (lks1), dense ear (dsp1) and "uzu" or semibrachytic growth(uzu1) in oriental cultivars, revealing a clear geographical differentiation (Takahashi 1955) .
We developed recombinant inbred lines (RILs) from a cross between 'Azumamugi' (oriental) and 'Kanto Nakate Gold' (occidental). The two cultivars are polymorphic for the above-mentioned morphological and physiological traits (Komatsuda et al. 1993) . Azumamugi is a typical Japanese six-rowed cultivar with a winter growth habit produced from a cross between Japanese landraces ('Tochigi Sekitori 1' and 'Torano-o Sai 1'). Kanto Nakate Gold is a Japanese tworowed cultivar with a spring habit bred using the following pedigree: Golden Melon/Shikoku//Kinki Shu. Golden Melon is a two-rowed cultivar of erectum type introduced from northern Europe (Takahashi 1980) , Shikoku is Japanese landrace, and Kinki Shu is a selection from Golden Melon. Theoretically, in Kanto Nakate Gold, the proportion of Shikoku is 25%, while that of Golden Melon is 75%. However, Kanto Nakate Gold is morphologically and physiologically much more similar to Golden Melon than to Shikoku, presumably due to selection in the breeding process. Azumamugi and Kanto Nakate Gold are also highly polymorphic for isozyme and molecular markers (Komatsuda et al. 1998 , SayedTabatabaei et al. 1999 . Mano et al. (1999 Mano et al. ( , 2001 ) constructed a molecular linkage map using the Azumamugi × Kanto Nakate Gold RIL population. The objective of the present study was to identify QTLs for morphological and physiological traits in this population.
developed from the Azumamugi (JP17209) × Kanto Nakate Gold (JP15436) F 2 plants by the single seed descent method (T. Komatsuda, unpublished) . Azumamugi is a six-rowed cultivar (vrs1.a) characterized by a winter type (Sgh1/sgh2/ sgh3) and "uzu" or semi-brachytic growth (uzu1). Kanto Nakate Gold is a two-rowed barley (Vrs1.d) characterized by a spring type (sgh1/Sgh2/sgh3) and lacking "uzu" (Uzu1). Plants were sown in the field of NIAS, Tsukuba, on October 18, October 22, 2001 and grown until maturity in the summer of 2001 and 2002 (hereafter referred as 'year 2001' and 'year 2002', respectively) . Each RIL was represented by a row of ten seeds with a 20-cm spacing, the rows being 80 cm apart. Experimental design for the year 2002 consisted of a randomized block with two replications. Experiment for the year 2001 was conducted without replication. Parental lines were replicated after each 10 RILs. Four central plants for each RIL and parents were evaluated.
Evaluation of traits
All the measurements were taken from the primary tillers. The characters were analyzed during the growth season as follows: Days to heading (DHE) indicated the number of days from sowing to the time when in 50% of the ears the base had emerged from the flag leaf sheath. Days to physiological maturity (DPM) were defined as the number of days from sowing to the time when 50% of the peduncles had ripened (yellow). Spike length (SPL cm ) was measured from the base of the spike to the tip of the terminal spikelet (excluding awns). Triplet number (TPN) indicated the number of fertile rachis nodes in a spike. Spike (rachis) internode length (SIL mm ), or spike density, was calculated using the formula 10 × SPL (cm) /(TPN − 1). Awn length (AWL cm ) was measured using the central spikelet of the third triplet from the base of the spike. Plant height (PLH cm ) was measured from the ground to the top of the terminal spikelet (excluding awns). Culm length (CUL cm ) was measured from the ground to the collar. Top culm internode length (TIL cm ), or peduncle length, was measured from the collar to the upper stem node. Lower culm internode length (LIL cm ) was defined as LIL = CUL − TIL. Spike number per plant (SPN) indicated the number of tillers with fertile spikes.
Statistical analysis
For the statistical analyses, values of 4 plants in each line were averaged. There was one replication in the year 2001, while two replications (blocks) in the year 2002. Analysis of variance (ANOVA) was performed for the two-year data. For the year 2002, the mean over two replications was used for this analysis. On the other hand, ANOVA by randomized complete block design was performed for the year 2002. Broad-sense heritability (h 2 ) was estimated by the formula: h 2 = δ 2 g /(δ 2 g + δ 2 e /r), where δ 2 g = (MS genotype − MS error )/r, δ 2 e = MS error and r is the number of replications (years or blocks). For the measurement and comparison of variability among the traits, we calculated standard deviation (S.D), and coefficient of variation (C.V). Simple correlations among the traits were computed using the computer program SPSS (Anonymous 1999) .
QTL mapping
A molecular linkage map for the RILs had been constructed previously (Mano et al. 2001) . For the QTL analysis, base map with 100 markers including 34 STS (sequencetagged sites) markers, 62 AFLP (amplified fragment length polymorphism) markers, 2 morphological markers (vrs1, uzu) and 2 isozyme markers (Est2, Est5) were used to provide a density of 5 to 10 cM (centi-Morgan) intervals without clustering of the markers . Map distances were estimated based on the Kosambi's map function (Kosambi 1944) . CIM was performed using the computer program QTL Cartographer version 1.14 (Basten et al. 2000) . A LOD score threshold of 3.0 was used to identify genomic regions containing putative loci associated with the traits.
The Barley Integrated Molecular Linkage Map (BIML map, Qi et al. 1996) and the Integrating Molecular and Morphological/Physiological Marker Map (IMM map, Kleinhofs 2002 ) were used to compare the positions of the QTLs and previously reported (known) loci. The positions of the molecular markers used in the present study can be found in the linkage map reported previously (Mano et al. 2001) .
Results

ANOVA and trait correlations
Mean values of 11 agronomic traits are listed in Table 1 . For the year 2002, the mean over the two replications (blocks) is shown in Table 1 . Kanto Nakate Gold showed higher values than Azumamugi for all the agronomic traits except for LIL. A wide range of variations was found among the RILs for all the traits (Table 1 ). All the traits showed significant differences among the RILs, indicating the presence of genetic variation (Table 2) . Heritability estimates ranged from 0.75-0.99 (Table 2), indicating that it was possible to detect QTLs for these traits by using a suitable linkage map. Correlation coefficients (0.63 to 0.97) between the two years were significant for all the traits (diagonal in Table 3 ). SPL, SIL, AWL, PLH, CUL, TIL and SPN were correlated with each other with a few exceptions (Table 3) . DHE, DPM and TPN were positively correlated.
Days to heading (DHE)
Five QTLs were detected for this trait (Table 4) . Among these QTLs, four QTLs on chromosomes 1HL, 2HS, 5HL and 7H were detected at the same positions as those described in a previous study using the same population (Sameri and Komatsuda 2004) . The QTL on chromosome 5HL showed a LOD score of 12.8 (average of two years) and explained about 33% of the phenotypic variance. Kanto Nakate Gold alleles for this QTL induced late heading. The QTL was closely linked to the Sgh2 locus and the e07m25.3 AFLP marker. This QTL had been previously detected very close to the Sgh2 locus (Sameri and Komatsuda 2004) . A QTL for DHE with a minor effect was detected on chromosome 1HL, flanked by the MWG2077 and e02m18.4 markers ( Table 4 ). This QTL was not detected under the spring-sown (long-day) condition for the same population (Sameri and Komatsuda 2004 ).
Days to physiological maturity (DPM)
Three QTLs were identified for this trait (Table 4) . One QTL with a major effect was located on chromosome 5HL at the same position as that of the QTL for days to heading. A QTL for DPM detected on chromosome 1HL was located at the same position as that of the QTL for days to heading close to the ABC261 marker. Another QTL was detected at the interval between the e09m30.6 and e11m17.9.2 markers on chromosome 4HL.
Spike (rachis) internode length (syn. spike density) (SIL)
Three constitutive QTLs for SIL were detected on chromosomes 2HL, 3HL and 7HS (Table 4 ). The two QTLs on chromosomes 3HL and 7HS corresponded to the uzu1 (semi-brachytic) and dsp1 (dense spike 1) loci, respectively. The uzu1 locus was mapped at a distance of 66 cM from the terminal of chromosome 3HS (Mano et al. 2001) . The dsp1 locus was located by CIM at a distance of 82.0 cM to 84.0 cM from the end of the short arm of chromosome 7H and was very close to the cMWG704 molecular marker (Fig. 1) . The uzu1 and dsp1 genes explained 31% and 36% (on the average) of the phenotypic variance for SIL (Table 4) . The third QTL for SIL was detected very close to the e11m19.3 marker on chromosome 2HL (Fig. 1 ). This QTL explained 14% to 16% of the phenotypic variance in the two years, indicating the presence of a stable gene effect. The Kanto Nakate Gold allele at this locus decreased the rachis internode length by about 0.3 mm (Table 4) . We proposed the symbol qSIL.ak-2H for this QTL.
Awn length (AWL)
In addition to the uzu1 and dsp1 genes, one QTL for AWL was located close to the vrs1 (six-rowed spike 1) locus on chromosome 2HL. The vrs1 locus may exert pleiotrophic effects on awn length and may include awnless (Lks1) and reduced awn length mutants (Takahashi et al. 1982) . The detected QTL might be identical with the vrs1 locus.
Culm length (CUL)
Because we found that all the five QTLs for both PLH and CUL were common (Table 4) , we described here only the QTL analysis for CUL. Uzu1 and dsp1 explained 51% and 7% (on the average) of the phenotypic variance for CUL. An additional QTL for CUL with a major effect was detected close to the ABG608 marker on chromosome 7HL. The effect of this QTL was stable over the two-year period, explaining 20% of the phenotypic variance on the average, and the Azumamugi allele increased CUL by 6.0 to 7.3 cm (Table 4) . There was no evidence that this QTL had been detected in previously published studies. We proposed the symbol qCUL.ak-7H for this QTL. Two QTLs for CUL with a minor effect were detected on chromosomes 4HL and 5HL (Table 4) , which were presumably close to the sgh1 (spring growth habit 1) and Sgh2 loci, respectively (Sameri and Komatsuda 2004 ).
Top and lower culm internode length (TIL and LIL)
Since the elongation of different internodes of the culm might be differentially controlled by several QTLs, CUL was separated into top culm internode length (TIL, syn. Peduncle length) and the remaining lower culm internode length (LIL) for the QTL analyses. LIL was calculated by subtracting the TIL value from the CUL value. Additive effect and phenotypic variance explained by the qCUL.ak-7H
QTL were large and comparable to those of the uzu1 locus. TIL was also under the control of uzu1 and qCUL.ak-7H, but it was interesting to note that TIL was not affected by the dsp1 or Sgh2 gene ( Table 4 ), and that the LOD curve for TIL appeared as a trace at the dsp1 locus (Fig. 1) . Although two other QTLs for TIL were detected on chromosomes 2HL (qTIL.ak-2H) and 4HS (qTIL.ak-4H), they were detected in one year. The qTIL.ak-2H QTL may coincide with a QTL for straw length (Kjaer et al. 1995) .
Spike number per plant (SPN)
A QTL for SPN was identified on chromosome 5HL. This QTL was located at the same position as that of the QTL for DHE and Sgh2. Another QTL for SPN was located near the uzu1 locus on chromosome 3HL, but the QTL was detected in one year.
Triplet number (syn. fertile rachis nodes) (TPN) and spike length (SPL)
A QTL for TPN was detected near the e13m23.6 marker on chromosome 2HS (Table 4 ). The allele of Azumamugi decreased TPN by 1.53 to 2.28. The other QTL for TPN was detected near the Sgh2 (spring growth habit 2) locus on chromosome 5HL (Table 4) . Since the data from SIL and TPN revealed that both traits were independently controlled by different genetic systems (Table 4) , SPL was considered to be a secondary trait defined by SIL and TPN.
Discussion
Comparison of QTLs with known genes on barley Chromosome 1H
Two QTLs for DHE were detected on chromosome 1H. The QTL located at the interval between ABC261 and ABG055 markers was closely linked or allelic to the eam8 (early maturity 8, syn. eak) locus identified by Takahashi and Yasuda (1970) . Since the eam8 locus naturally occurred in a few cultivars of Japanese two-rowed barley, for example Kinai 5 and Kagoshima Gold , it is Additive effect of 'Azumamugi' allele.
2)
Proportion of phenotypic variance explained by the detected QTLs.
3)
New loci identified in the present study are denoted in bold face.
4)
Not detected.
likely that Kanto Nakate Gold (two-rowed) harbored a homologous gene (QTL), which led to early maturity. The allele of Kanto Nakate Gold and Azumamugi, however, was not identical with the eam8 gene, because half of the RILs with the eam8 gene should have been extremely early under short-day conditions and also one of the parents should have been extremely early, which was not observed in the present study. The presence of a previously unidentified earliness factor is extremely likely. We consider that the QTL is allelic to the eam8 locus and exerts a moderate effect on DHE. The position was also close to that of the QTL for DHE detected in the spring-sown Harrington × Morex doubledhaploid ( 
90% confidence interval of our QTL did not include their QTL (data not shown).
The other QTL for DHE flanked by the MWG2077 and e02m18.4 markers, with an 11.8 cM interval, was close or allelic to the Ppd-H2 gene (photoperiod-sensitive gene for flowering time). Ppd-H2 was mapped at a location 20.6 cM proximal to that of the cMWG733 marker on chromosome 1HL (Laurie et al. 1995) . Since the MWG2077 marker was located approximately at a position 30 cM proximal to that of the cMWG733 marker (BIML map) then, the Ppd-H2 locus was located at a position 10 cM distal to that of the MWG2077 marker and 4 cM to that of the peak of our QTL. The 90% confidence interval (Lander and Botstein 1989) of our QTL covered the Ppd-H2 locus suggesting that the QTL was identical with Ppd-H2.
Sgh3 is a spring growth habit gene located at a position of over 35.8 cM proximal from that of the Blp (black lemma and pericarp) locus on chromosome 1HL Yasuda 1970, Franckowiak and Konishi 1997c) . The Sgh3 gene was located at a 12 cM interval between the ABC160 and MWG2077 markers based on the IMM map (Kleinhofs 2002) . Because the second QTL (or Ppd-H2) was located at a position 6 cM distal to that of the MWG2077 marker and the Sgh3 locus was located at a position 15 cM proximal to that of the MWG2077 marker, the QTL (or Ppd-H2) was different from Sgh3 gene.
Chromosome 2H
We detected a QTL for DHE, SPL and TPN on chromosome 2HS, which was closely linked to the ABG602 marker. Position of the ABG602 and BCD351F markers was identical (Qi et al. 1996) , and Ppd-H1 (Eam1), a photoperiod response gene (Laurie et al. 1995) , was located at a position 10 cM proximal to that of the BCD351F marker (Kleinhofs 2002) . The peak of our QTL was located at a position 6 cM proximal to that of the ABG602 marker, and the 90% confidence interval of the QTL covered Ppd-H1, suggesting that the QTL was identical with Ppd-H1. Therefore, the Azumamugi allele for the Ppd-H1 locus decreased the values for DHE, SPL and TPN.
The vrs1 locus, which primarily determines the row type of spike, exerts a pleiotropic effect on many agronomic characters, including the number of rachis nodes, spike length, stem length and heading date (Takahashi et al. 1975) . However, in the present study, the pleiotrophic effect of the vrs1 locus was detected only for AWL (Table 4) . Variation in the genetic background of RILs, due to the segregation for the uzu1 and dsp1 loci and the two QTLs detected in the present study, resulted in LOD scores at the vrs1 locus that was below the threshold of QTL detection.
Chromosome 3H
The uzu1 gene inducing a semi-brachytic phenotype is derived from Japanese and Korean cultivars Yamamoto 1951, Franckowiak and Konishi 1997b) . Azumamugi carries the uzu1 allele and QTL analysis revealed the pleiotropic effects of the uzu1 allele on quantitative traits, principally SIL, AWL, CUL and SPN (Table 4) .
The recessive uzu1 allele in Azumamugi decreased the value for each trait, and the additive effects and phenotypic variance explained were highly consistent over the two-year period. Although in many Eurepean barley cultivars, QTLs for PLH were detected on chromosome 3HL (Barua et al. 1993 , Thomas et al. 1995 , Bezant et al. 1996 , Yin et al. 1999 , Kicherer et al. 2000 , the QTLs were mapped near the denso (sdw1) locus, which is separated from the uzu1 locus by a distance of 40 cM. Denso gene, with a major effect on plant height, was detected in many European barley cultivars. Both denso and uzu1 genes exert a major effect on the decrease of the plant height, and they may be characteristic of occidental and oriental barley cultivars.
Chromosome 4H
A QTL for DPM was detected at a location 11 cM distal to that of the MWG058 marker on chromosome 4HL, indicating that the QTL was closely linked or allelic to the eam9 (early maturity 9) locus identified by Yasuda (1978) . The position of both the eam9 locus and this QTL were distal to that of the MWG058 marker.
A recessive spring growth habit gene, sgh1, was identified by Takahashi and Yasuda (1956) and mapped on chromosome 4H (Takahashi et al. 1958 , Laurie et al. 1995 . In our population the sgh1 locus was mapped between the e04m32.8 and e12m19.8 markers on chromosome 4H (Sameri and Komatsuda 2004) . In the present study, a QTL controlling PLH, CUL and LIL was mapped close to the sgh1 locus, and the 90% confidence interval of the QTL included the sgh1 locus. It remains to be determined whether the two loci are identical or closely linked. We consider that the QTL is identical with the sgh1 locus, because the position of the two loci was very close, as they were mapped in the same population, and the recessive sgh1 allele of Azumamugi increased the values for the PLH, CUL and LIL traits.
Chromosome 5H
The QTL for TPN flanked by the e14m27.4.4 and MWG2230 markers on chromosome 5HL, (Table 4 ) may corresponding to the Eam5 (early maturity 5) locus. The Eam5 locus was located very close to the Raw1 (smooth awn 1) locus, which is located at a position about 20 cM proximal to that of the marker WG644 (Franckowiak 2002) . The Eam5 locus induces slightly shorter peduncles and rachis internodes (Franckowiak 2002) . The MWG2230 marker was located approximately at a position 20 cM proximal to that of the WG644 marker (Qi et al. 1996 , barley consensus map in GrainGenes, http://www.graingenes). Therefore, the MWG2230 marker can be placed close to the Eam5 locus, and the 90% confidence interval of the QTL included this locus. Therefore, the Azumamugi allele of Eam5 may induce earliness and fewer fertile rachis nodes (TPN).
The QTL for DHE, DPM, CUL, SPN and TPN detected between the e07m25.3 and e12m19.9 markers on chromosome 5HL was presumably identical with the Sgh2 locus ( Table 4 ). The Sgh2 locus was mapped at the same interval (Sameri and Komatsuda 2004) . In addition, the Sgh2 locus was located close to the WG644 marker and at a position 20 cM distal to that of the Eam5 locus (Kleinhofs 2002) . Therefore, the QTL detected close to Sgh2 locus was different from the Eam5 locus. Our QTL was detected in the autumn, spring and under long-day conditions (Sameri and Komatsuda 2004) , whereas the Eam5 locus exerted its effects under short-day conditions. The dominant allele of Kanto Nakate Gold (Sgh2) led to a later heading time under the autumn, spring and long-day conditions (Sameri and Komatsuda 2004) . These results were in agreement with the observation that the Sgh2 gene induces an earlier or later heading time depending on the genetic background, irrespective of the spring-and winter-sowing conditions (Yasuda and Okinaga 1977) . Also the dominant Sgh2 allele derived from Kanto Nakate Gold induced in long DHE and DPM, which presumably increased the values for CUL, SPN and TPN.
Chromosome 7H
The dense spike 1 gene (dsp1) occurs naturally in Japanese and Korean cultivars (Takahashi 1951, Franckowiak and Konishi 1997a) . The location of the dsp1 locus was mapped very close to that of the cMWG704 marker on chromosome 7HS (Fig. 2) . Takahashi (1951) reported that the dsp1 gene reduced CUL, and our study revealed that the dsp1 gene exerted an effect on the lower internode length of culms (Fig. 1) . Since both rachis internodes and lower culm internodes elongate simultaneously, the dsp1 gene or gene products may function in these parts. However, this matter requires further studies. In earlier studies, QTLs for plant height were detected on chromosome 7HS , Tinker et al. 1996 , Bezant et al. 1996 . Although the position of these three QTLs and the dsp1 locus was close, the dsp1.a allele was not observed in the parental lines used in the other studies. A modifying gene (QTL) gene for brittle rachis was mapped close to the dsp1 locus Mano 2002, Komatsuda et al. 2004) , and they suggested that there was an interaction between the dsp1 gene and brittle rachis genes (Btr1 and Btr2).
The effects of the uzu1 and dsp1 loci on SPL, TIL and LIL are comparatively depicted in Fig. 2 . The effects on SPL (reduction of spike length) by the uzu1 and dsp1 alleles were almost the same. For TIL, the effect of dsp1 was not detectable. For the reduction of LIL, the uzu1 locus exerted a stronger effect than the dsp1 locus. All the diagrams (Fig. 2) were in good agreement with the genetic parameters estimated by QTL analysis (Table 4) .
We detected a QTL for DHE between the e11m17.10.2 and e12m19.10.3 markers in the proximal region of chromosome 7H (Table 4) , which was identical with the QTL detected under the spring-sowing field conditions (no vernalization) using the same population (Sameri and Komatsuda 2004) . This QTL was detected only in 2002 in the present study. The average temperatures in March 2002 were higher than those in average years and the RILs responded differently. We proposed the symbol qDHE.ak-7H for this QTL, which may respond to higher temperatures. However, further experiments under controlled temperature conditions should be carried out to test the hypothesis.
New QTLs-qSIL.ak-2H and qSTL.ak-7H
A large number of genes alter the spike density in barley. Since the qSIL.ak-2H QTL on chromosome 2HL controls SIL, and the allele of Kanto Nakate Gold induces the formation of a compact or semi-compact spike, we assumed that the dense spike gene of Kanto Nakate Gold was involved. It was noteworthy that the qSIL.ak-2H QTL did not affect CUL, unlike most of the genes for spike density, Fig. 2 . Effects of the uzu1 and dsp1 loci on the spike length (SPL), top internode length (TIL) and lower internode length (LIL). Genotype of RILs for the dsp1 locus was inferred from the cMWG704 and e11m17.10.2 flanking markers. Any two means with a common letter are not significantly different at the 5% level of significance in Duncan's multiple range tests.
which implies that the specific function of the gene or gene products is to reduce the rachis internode length. We could not determine whether this QTL was a dominant factor, because we did not analyze F 1 plants. Zeocriton 1 (zeo1) is a mutant induced by X-rays in the cultivar Donaria, and plants with the Zeo1 gene display short culms, compact (dense) spikes and larger outer glumes with long awns (Franckowiak and Wolfe 1997) . Although the Zeo1 locus may be close to the qSIL.ak-2H locus, the phenotypes of qSIL.ak-2H and Zeo1.a were distinctly different. The location of the qSIL.ak-2H locus is close to the cleistogamy genes, previously positioned at a distance of 0.0-1.3 cM from the e11m19.3 marker (Turuspekov et al. 2004) . Since this dense spike gene was introduced from the cultivar 'Golden Melon' to Kanto Nakate Gold by conventional breeding, the gene may be common to modern Japanese two-rowed barley cultivars and Fusarium head blight-resistant European cultivars. The qCUL.ak-7H QTL for CUL was mapped at a distance of 14 cM from the telomere of chromosome 7HL. No gene or QTL for CUL had been reported in this region. It remains to be determined why this QTL had not been identified in earlier QTL studies, despite its strong effects on CUL. The allele of Kanto Nakate Gold reduces CUL. The origin of this gene, namely whether it is derived from the 'Shikoku' cultivar (oriental) or the 'Golden Melon' cultivar (occidental), has not been elucidated, and it remains to be determined how widely this QTL is spread in barley cultivars. Both the qSIL.ak-2H and qCUL.ak-7H QTLs modified specifically the length of rachis internodes and culm length, respectively, and did not affect each other. Their phenotypic effects were not pleiotrophic or as pronounced as those of uzu1 and dsp1. This information may enable to utilize these QTLs for marker-assisted selection in plant breeding. Moreover, since the Mb/cM value based on the physical/genetic map (Kunzel et al. 2000) ranged from 0.2 to 1.1 for qSIL.ak-2H and was 0.5 for qCUL.ak-7H, it is suggested that these QTLs could be targeted for map-based cloning.
In conclusion, in the present study, 15 QTLs controlling agronomic traits were detected as follows: Five QTLs, namely qSIL.ak-2H, qTIL.ak-2H, qTIL.ak-4H, qDHE.ak-7H and qCUL.ak-7H were new, while nine were presumably identical with the known genes uzu1, dsp1, sgh1, Sgh2, Eam5, PpdH2, PpdH1(Eam1), eam8 (eak), eam9 and vrs1. The use of the Azumamugi × Kanto Nakate Gold population may enable to further identify new QTLs for other agronomicaly important traits such as kernel characteristics, which had not been detected in previous studies.
